Abstract
http://www.ispacs.com/journals/ijcmb/2014/ijcmb-00011/ International Scientific Publications and Consulting Services micrflora [3] . The spread of infection in Health related centers is normally prevented by the use of antiseptics and disinfectants [4, 5] . Biocides have multiple applications. The extensive use of antiseptics and disinfectants has resulted in the emergence of bacterial resistance to antibiotics [6, 7] . The extensive use of disinfectants has given rise to the appearance of Staphylococci resistant to disinfectants, in particular QACs, in dairy products. The presence of resistant Staphylococci strains in milk and other dairy products might be of a major concern to individuals susceptible to infection. Among the QACs, two active compounds, namely benzalkonium chloride and cetyltrimethylammonium bromide (CTAB), have been commonly used for bovine teat disinfection to prevent infectious mastitis in the dairy industry [8] . One of the mechanisms used for resistance to antiseptics and disinfectants in Staphylococcus aureus is provided by two gene families involved in the energy-dependent export system [1] . Heavy metals are elements with an atomic mass greater than 40g and a specific weight of more than 5g/cm 3 [9] , which can be poisonous following their build up in the body due to the lack of their metabolism [10] . These elements often find their way into soil through environmental contaminants including the atmospheric pollution in the industrial regions, unlimited use of agricultural fertilizers, and municipal and industrial sewage system in a nonreturnable fashion [11] . Unlike organic contaminants which can be converted to nontoxic compounds, metals are intrinsically stable in nature [12] . Certain metals including Zn +2 are essential in biological systems. They serve essential roles in the maintenance of the 3D structure of proteins involved in the synthesis of nucleic acids and other proteins [13] . Zinc is essential for plant growth and development, when used as a micronutrient, however, when used in greater amounts, may result in metabolic disorders, eventually leading to a halt in growth of most plants and microorganisms [13] . An important mechanism through which heavy metals, including zinc, induce toxicity is by means of generating free radicals and oxidative stress resulting growth suppression of microorganisms [14, 15] . Due to the increasing resistance of Staphylococcus aureus to the biocide benzalkonium chloride, and the antimicrobial effect of Zn 2+ , this study aimed at determining the concentration of Zn 2+ that would be detrimental to the biocide resistant smr + Staphylococcus aureus strains.
Materials and Methods

Samples
A total of 20 clinical, provided by the Oil company hospital, and 10 dairy (unpasturized milk) samples were collected and stored in sterilized containers in the months of March and April 2012.
Isolation of Staphylococcus aureus strains from samples
Isolation of Staphylococcus aureus strains was performed in duplicates by the dilution-pour plate method (10 -1 -10 -10 ) on mannitol salt agar medium. Samples were incubated for 48 h at 30 ºC before being subjected to both microscopic and macroscopic examinations. Identification of the strains was performed using the routine microbiological methods including biochemical tests [16] .
Culture inoculation
Isolated colonies were grown on BHI agar plates at 30 °C for 24 h. Bacterial colonies were then inoculated into sterile physiological serum and the OD was adjusted to 0.8-1 at 600 nm, equivalent to 5x10 -8 cfu/ml. http://www.ispacs.com/journals/ijcmb/2014/ijcmb-00011/
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Identification of smr gene
Bacterial DNA extraction
Isolated bacteria were cultured in LB medium on a shaking incubator at 30 °C for 18 h. These cultures were then centrifuged at 12,000 rpm for 2 min. Genomic DNA was extracted using the MBST DNA Extraction kit (Roshd Co., Tehra-Iran).
Polymerase Chain Reaction (PCR) of smr gene
PCR reaction mix was prepared in a 25 μl volume containing 18 μl H 2 O, 2.5 μl of 10X PCR buffer, 1 μl dNTPs, 1 μl each of the forward and reverse primers (see below), 1 μl genomic DNA and 0.5 μl Taq DNA Polymerase. All reagents, Taq polymerase and DNA ladder were purchased from Metabion-Germany.
Primers for PCR
Primer sequences used in the PCR reactions were as following: Forwarde:ATAAGTACTGAAGTTATTGGAAGT Reverse:TTCCGAAAATGTTTAACGAAACTA
Thermocycling conditions
The PCR thermocycling condition was 95 °C for 5 min (preheating), 95 °C for 60 s, 50 °C for 45 s, and 72 °C for 30 s for 30 cycles, followed by a final heating at 72 °C for 5 min. The PCR product size was confirmed by electrophoresis on a 1% agarose gel (Bio-Rad-USA).
Sensitivity assay to the biocide benzalkonium chloride for the isolated strains
To assay for the sensitivity of the isolated strains to the biocide benzalkonium chloride, a total of 13 samples containing 1 ml of sterilized Muller Hinton broth medium was prepared. A volume of 1 μl of the biocide was added to one of the above samples and serial diluted through sample 12. Sample 13 was used as a positive control lacking the biocide. Then 100 μl of the bacterial sample was added to each of the 13 samples, except sample 12 which was used as a negative control lacking bacteria. All samples were incubated at 30 °C for 24 h on a shaking incubator.
Sensitivity assay to different concentrations of zinc sulfate for isolated strains
To assay for the sensitivity of the isolated strains to zinc sulfate, samples of 10-100ppm serial concentrations of ZnSO 4 •7H 2 O [287.34 MW] were prepared [17] in 1 LB broth medium and sterilized. Then 100 μl of the bacterial sample was added to each medium and incubated at 37 °C for 24 h on a shaking incubator prior.
Results
Identification of Staphylococcus aureus strains through Biochemical tests
A total of 20 S. aureus strains were isolated and identified through biochemical analysis of the 30 clinical and dairy samples (Table 1) . 
Sensitivity assay to benzalkonium chloride
For sensitivity assay to benzalkonium chloride, the broth microdilution method was applied in the presence of benzalkonium chloride. Among the 20 isolated S. aureus, 8 clinical and 1 dairy strains were resistant, while 8 dairy and 1 clinical strains were sensitive to benzalkonium chloride (Table 2) . 
Sensitivity assay to different concentrations of zinc sulfate
Sensitivity to zinc was assayed by broth microdilution method. Of the 13 samples, the first sample which showed no growth was taken as the MIC sample ( Table 3 ). The minimum inhibitor concentration of Zn 2+ for benzalkonium chloride-resistant and -sensitive smr + and smr -bacteria was determined to be 20ppm. 
Discussion
In the present study, benzalkonium chloride-resistant S. aureus strains were isolated from both clinical and dairy samples, and the presence of the smr gene, as well as the antimicrobial effect of zinc metal in both benzalkonium chloride-resistant and sensitive S. aureus strains were investigated. In total, 20 S. aureus strains were identified, of which 9 were resistant and 11 were sensitive to the biocide benzalkonium chloride. Of the 20 strains, only the 9 benzalkonium chloride-resistant strains were smr + . Finally, the MIC value of Zn 2+ for all 20 strains was determined at 20ppm.
Members of the small multidrug resistance (SMR) protein family are integral membrane proteins characterized by four α-helical transmembrane strands that confer resistance to a broad range of antiseptics and lipophilic quaternary ammonium compounds (QAC) in bacteria [18] . Several studies have shown S. aureus resistance to QACs [3, 8, 18] . These include the isolation of 65 coagulase negative Staphylococci resistant to the biocide cetyltrimethylammonium bromide (CTAB) in the 1980s [18] , and the isolation of 55 strains of QAC-resistant Staphylococcus aureus in milk from caws with infected mastitis [8] . In addition, several studies have revealed a direct relation between the presence of the smr gene family and resistance to QACs [18, 19, 20] . Of the 65 coagulase negative Staphylococci resistant to CTAB, mentioned above, 50% possessed qacA, 10% contained qacC (smr), while 40% had both genes. The presence of the smr gene has also been confirmed in methicillin-resistant Staphylococcus aureus [19] . Finally, Liu et al (2009) showed the presence of smr gene in QAC-resistant Staphylococcus aureus [20] . Babich et al (1984) demonstrated a reduction in the number of soil bacteria in the presence of a 2 mmol zinc in the soil [21] , while others demonstrated a 50ppm zinc-sensitivity of bacteria [22] . In a study on wastewater bacterial sensitivity that used zinc nanoparticles (ZnO), however, 100ppm and 1000ppm caused 36% and 84% reduction in the bacterial populations, respectively, while no reduction was detected at 80ppm [23] . This difference in dose could be due to the type of the zinc particles as well as the population of the bacteria used in the latter study. Other studies on bacterial sensitivity to zinc include those of Shakibaei et al (2008) and Rajapasha et al (2004) who showed a 30ppm reduction and a linear relation between increasing zinc concentration and soil bacterial growth rate reduction, respectively [24, 25] . http://www.ispacs.com/journals/ijcmb/2014/ijcmb-00011/
In conclusion, our results suggest that smr gene is involved in bacterial resistance to Benzalkonium chloride, and that a zinc concentration of greater than 20ppm confers an antibacterial effect on Staphylococcus aureus strains, and thus zinc can be used as an appropriate antimicrobial replacement against biocide resistant strains.
